a decreased rate of symptoms of depression, anxiety, and acute stress in family members of critically ill patients.
MATERIALS AND METHODS

Study Population
We conducted a multicenter, cross-sectional survey to determine the association between resilience and symptoms of depression, anxiety, and acute stress in the family members of critically ill patients. Between June 2013 and March 2015, family members of patients admitted to the medical ICUs at three hospitals for greater than 48 hours were eligible to be enrolled. The hospitals included one academic tertiary care center and two community hospitals. Inclusion criteria included the following: family members needed to be present in the ICU, identify themselves as an interested party in the patient's care, be English speaking, and be greater than 18 years old. Two family members per patient could be enrolled. Exclusion criteria were as follows: patient less than 18 years old, pregnant women, or patient in custody; the patient was actively dying; or at the request of the attending physician. Family members were approached from 48 hours after ICU admission until ICU discharge.
Informed consent was obtained from both family members and the patient. If the patient did not have capacity at the time of enrollment, consent was obtained when possible after the patient regained capacity. The study was approved by the Colorado Multiple Institutional Review Board.
Data Collection
The collected patient information included age, gender, admission diagnosis, need for mechanical ventilation, ICU length of stay, hospital length of stay, and hospital mortality. Family member demographics, including age, gender, relation to the patient, length of relation to the patient, and previous ICU experience were also collected. All surveys were completed during the patient's ICU stay. Surveys completed after ICU discharge were not analyzed.
Resilience in family members was determined by the Connor-Davidson Resilience Scale (CD-RISC) (18) . The CD-RISC is a 25-question survey that quantifies resilience. The survey is scored from 0 to 100. A score greater than 82 identifies individuals who are resilient. The CD-RISC has been previously validated in a variety of settings, including community samples, primary care patients, and in a variety of clinical trials; however, it has not been validated in an ICU population. The CD-RISC measures factors of personal competence, tenacity, tolerance of negative effect, positive acceptance of change, secure relationships, and spiritual influences, among others. The CD-RISC demonstrates both excellent validity and reliability in each of these settings (12) .
To assess symptoms of depression, anxiety, and acute stress disorders, family members also completed a series of questionnaires. Acute stress disorder has similar diagnostic criteria to posttraumatic stress disorder (PTSD), but symptoms develop acutely with the exposure. PTSD is differentiated by symptoms continuing at least 30 days after the exposure (19) . Family satisfaction scores were also collected. Missing answers were treated as suggested by each questionnaire's instructions. If too many answers were missing to estimate a final score, that family members responses were not used in the analysis:
1. Symptoms of depression and anxiety were measured using the Hospital Anxiety and Depression Scale (HADS). This is a 14-question survey, which has been validated in a variety of inpatient and outpatient settings (20, 21) . It has two subscores to evaluate symptoms of depression (HADSdepression) and anxiety (HADS-anxiety). Subscores for depression and anxiety range from 0 to 21 and total scores range from 0 to 42. A subscore greater than 8 or a total score greater than 16 identified individuals with symptoms of either anxiety or depression (21). 2. Symptoms of acute stress disorder were measured using the Impact of Events Scale-Revised (IES-R). This is a 22-question survey, which assesses subjective distress caused by traumatic events. It is a revised version of an older 15-question survey. Questions assess for symptoms of hyperarousal, intrusion, and avoidance. Items correspond directly to 14 of the 17 Diagnostic and Statistical Manual of Mental Disorders (DSM)-IV symptoms of PTSD and 12 of the 15 DSM-V symptoms of acute stress disorder (19, 22) . Items are rated on a 5-point scale ranging from 0 (not at all) to 4 (extremely). A total score ranges from 0 to 88. A score greater than 33 identified individuals with symptoms of acute stress disorder (23). 3. Finally, family member satisfaction was assessed using the Family Satisfaction in the ICU (FS-ICU). The FS-ICU is a reliable and valid 24-item questionnaire that measures satisfaction with ICU care. A validated scoring method has been developed including three scores ranging from 0 to 100: a total satisfaction score (all 24 items), a satisfaction with care score (14 items), and a satisfaction with decision making (10 items) (24) .
Statistical Analysis
Characteristics are reported as mean and sd or as a median and 25-75% interquartile range if the data were not normally distributed. Outcome variables included the following: HADSanxiety total score, HADS-depression total score, IES-R total score, overall satisfaction score, and satisfaction with care and decision-making subscores. Additionally, the family member's responses to the HADS and IES-R were dichotomized into positive and negative screens for symptoms. Data were stratified by the binary results (resilient vs nonresilient) of the family members' CD-RISC score. Secondary analysis investigating the association between HADS and IES-R score to family member age, sex, prior ICU experience, relation to the patient (spouse or partner vs other), length of relationship to patient, or the patient's need for mechanical ventilation was performed. All outcomes were compared with Wilcoxon signed rank tests.
To adjust for potential confounders, we performed mixed-effect logistic regression analysis, accounting for family member age, sex, relationship, duration of time between patient admission and survey administration, and prior ICU experience, as well as the patient's need for mechanical ventilation. The outcome variables for these Critical Care Medicine www.ccmjournal.org e723 analyses included positive HADS-anxiety, HADS-depression, and IES-R scores as a dichotomous variable. To compare the reported total satisfaction score for family members, we performed mixedeffect linear regression analysis, while adjusting for family member age, sex, relationship, duration of time between patient admission and survey administration, and prior ICU experience, as well as the patient's need for mechanical ventilation. Sex was included given the increased prevalence of depression, anxiety, and acute stress in women in the general population. Age was included as older age was significantly associated with lower IES-R scores in our analysis. Family member relationship to the patient as spouse or other was included because more distantly related family members may have less severe symptoms than closely related members. A family member's prior ICU experience was included as this experience could certainly alter resilience or symptoms of depression, anxiety, or acute stress. The need for mechanical ventilation was used a proxy of patient severity of illness, given that it was a very visible and clear marker of illness. Family members were clustered by patient as a random effect.
RESULTS
Patient and Family Characteristics
Between June 2013 and March 2015, we screened 608 patients who had been in the ICU for greater than 48 hours, 570 patients were eligible for enrollment, and 227 had family members at the patient's bedside during the ICU admission. From this cohort, 135 patients with a total of 170 family members were enrolled in our study ( Fig. 1) .
On average, patients were 55 ± 15 years old, 68 (51%) were female patients, and 117 (87%) were white. Eighty-six patients (64%) required mechanical ventilation for a median of 8 days (4-13 d). Patients who required mechanical ventilation had a median of 17 (0-23) ventilator-free days (28 d) . Patients required ICU level of care for a median of 10 days (4-16 d) and were hospitalized for a median of 17 days (9-26 d). Thirty-two patients (24%) died ( Table 1) .
Family members were on average 49 ± 15 years old. The majority, 122 (72%), had previously had a family member admitted to the ICU. Surveys were completed a median of 4 days (3-7 d) after ICU admission. Of the 170 family enrolled, 159 fully completed the CD-RISC, 161 fully completed the HADS, 150 fully completed the IES-R, and 162 fully completed the FS-ICU survey.
Resilience and Symptoms of Depression, Anxiety, and Acute Stress Disorder
The median CD-RISC score was 81 (71-90). Seventy-eight family members (49%) were classified as resilient. There was no association between family member age and sex with resilience status (all p > 0.5). Family members with prior ICU experience had similar rates of resilience as those without prior ICU experience (49% vs 51%; p = 0.65). The patients relationship (spouse or partner vs other) with the family member was also not associated with rates of resilience (49% vs 50%; p = 0.99). Similarly, there was no association between the time of survey completion since admission and resilience status (4 [3-7] vs 4 [2] [3] [4] [5] [6] [7] d; p = 0.91).
The median HADS-anxiety score was 6 (4-8) and HADSdepression score was 5 (3) (4) (5) (6) (7) (8) (9) . Forty-seven family members (29%) had a positive HADS-anxiety score, and 50 (31%) had a positive HADS-depression score. Women family members had higher HADS-anxiety scores than men (6 [4-8.5] vs 5 [4] [5] [6] [7] ; p = 0.05) although there was no difference in the rates of a positive survey (33% vs 22%; p = 0.13). There was no association with either HADS-anxiety or HADS-depression score with a family member's age, prior ICU experience, relation to patient, length of relationship with the patient, or the patient ventilator status (all p > 0.05). The median IES-R score was 19 . Thirty-eight (25%) of family members had a positive IES-R score. Older family members had lower IES-R scores (18 vs 20 ; p = 0.048). Family member's sex, prior ICU experience, relationship to the patient, length of relationship with the patient, or the patients ventilator status were not associated with differences in IES-R scores (all p > 0.05).
Family Satisfaction
Family members were generally satisfied with the patient care. The medial FS-ICU scores were 73.9 (65.5-80.0). Median scores for the care domain were 72.9 (62.9-78.4) and for the decision-making domain were 76.0 (68.0-83.5). Spouses or partners were more satisfied with care and general (76.3 vs 72.0; p = 0.04) and with the care domain (75.7 vs 71.4; p = 0.009) than other family members. However, there was no association with family member age, sex, prior ICU experience, length of relationship with the patient, or the patient's ventilator status satisfaction scores (all p > 0.05).
Association of Resilience With Symptoms
Resilience was associated with fewer symptoms of depression, anxiety, and acute stress. Resilient family members had significantly lower HADS-anxiety (4 [3-6] vs 7 [6] [7] [8] [9] [10] ; p < 0.001), HADS-depression (3 [1-6] vs 7 [4] [5] [6] [7] [8] [9] [10] ; p < 0.001), and IES-R scores (15 [7-25] vs 28 ; p < 0.001). Resilient family members had significantly lower rates of symptoms of anxiety (14.2% vs 43.6%; p < 0.001; n = 155), depression (14.1% vs 44.9%; p < 0.001; n = 156), and acute stress (12.7% vs 36.3%; p = 0.001; n = 148; Fig. 2) . In a multivariate regression model adjusting for family member age, gender, relationship, prior ICU experience, time to survey completion, and patients need for mechanical ventilation, resilience remained independently associated with less symptoms of anxiety (odds ratio [OR] = 0.19; p < 0.001), depression (OR = 0.17; p < 0.0001), or acute stress (OR = 0.23; p = 0.005; Table 2 ).
Finally, resilient family members were more likely to be satisfied with all aspects of care than nonresilient family members. Resilient family members also had greater satisfaction with decision and care domains of the FS-ICU (80.0 vs 74.0; p = 0.01; n = 156 and 75.5 vs 70.8; p = 0.017; n = 157, respectively; Fig. 3) . Resilience remained independently associated with satisfaction after correcting for family member age, gender, relationship, and prior ICU experience, as well as the patient's need for mechanical ventilation (p = 0.007; Table 3 ).
DISCUSSION
In this cross-sectional study, we examined the association between resilience and symptoms of depression, anxiety, and acute stress in family members of critically ill patients. During the patient's hospitalization, resilient family members had significantly fewer symptoms of depression, anxiety, or acute stress than their nonresilient counterparts. Importantly, resilience remained independently associated with fewer symptoms of depression, anxiety, and acute stress after adjusting for a variety of important factors including the patient's severity of illness indicated by the use of mechanical ventilation and the family member's age and sex. Finally, resilience was independently associated with greater family satisfaction in both decision-making and care domains of the FS-ICU.
Our findings suggest that resilience may help mitigate against symptoms of PICS in family members. Previous studies on PICS-F have focused on improving provider communication or education regarding end-of-life expectations. For instance, the study by Lautrette et al (10) demonstrated that family members' symptoms of depression, anxiety, or acute stress could be significantly reduced when providers met five objectives in end-of-life meetings and gave family members a brochure on bereavement. Interventions directed at increasing family member resilience in the ICU could add additional methods to help alleviate PICS-F. Resilience can be taught through a variety of cognitive behavioral methods, mindfulness-based stress reduction, expressive writing, and other relaxation techniques such as exercise and massage. These methods promote characteristics of resilience, including optimism, cognitive flexibility, developing a personal moral compass, nurturing a social network, exercise, altruism, humor, finding a resilient role model, being adept at facing fears, and using active coping skills (17, 25, 26) . However, there is a debate regarding resilience being a dynamic state or process versus an inherent trait (27) . Although clearly resilience can be taught, the stability of this psychometric construct in an individual's life is debated and may limit the long-term benefit of brief interventions to increase resilience.
Importantly, resilience has been shown to be modifiable in a variety of other settings (28) . Several of these interventions took place over a single session and were able to show improvement in both resilience and symptoms (29, 30) . Burton et al (31) demonstrated that resilience training program in the work place can improve positive emotions and acceptance and decrease stress. In the healthcare settings, Foureur et al (15) have demonstrated that resilience training through mindfulness-based stress reduction can decrease stress in midwives. Similar results have been demonstrated in ICU nurses (32) . Relaxation techniques, exercise, attention training, and small group sessions all offer the possibility to improve resilience and decrease negative psychologic outcomes of family members both in the ICU setting and after discharge. Future studies that teach resilience to family members of critically ill patients might be warranted.
Our study had several limitations. First, a large number of patients did not have family members who were encountered by the research team in the ICU. Family members who avoid the ICU setting may have greatly different rates of resilience than those who routinely visit the ICU. Similarly, those family members who declined to participate may also have different rates of resilience. Second, we use the need for mechanical ventilation as a marker of disease severity. However, the need for mechanical ventilation only captures one potential aspect of the severity of critical illness. Other markers such as needing dialysis, vasopressor support, or prolonged sedation may also significantly impact family perception of illness severity, limiting the Figure 3 . Family member satisfaction stratified by resilience. Satisfaction scores of resilient and nonresilient family members were compared by the Wilcoxon signed rank test. Overall satisfaction (p = 0.008), satisfaction with decision making (p = 0.017), and satisfaction with care (p = 0.01) were higher in resilient family members. FS-ICU = family satisfaction in the ICU.
generalizability of our results. Disease severity scores, such as Acute Physiology and Chronic Health Evaluation or Sequential Organ Failure Assessment, were not collected. The relationship between patient severity of illness and PICS-F is not well established. Third, we did not assess post-ICU symptoms and are thus unable to comment on the correlation of resilience to long-term psychologic outcomes. Fourth, the questionnaires we used are not diagnostic of disease states but rather measure symptoms commonly associated with such diseases. Consequently, we can only measure symptoms of these psychologic diseases. Finally, our study design used a cross-sectional study design and thus can only detect associations, not causality. Furthermore, there may be overlap between surveys of measured components leading to erroneous associations.
CONCLUSIONS
We demonstrated that resilience is independently associated with less symptoms of depression, anxiety, and acute stress disorder and greater satisfaction in family members of critically ill patients. Additional qualitative studies are needed to determine which aspects of resilience confer protection from PICS-F to family members of the critically ill. Furthermore, future qualitative studies will need to assess the interest of family members in participating in interventions known to improve resilience in other settings. Finally, assessing nursing and administrative interest as well as determining potential process barriers in implementing such interventions will need to be determined. These data will allow the development of specific interventions designed to teach family members to be more resilient. Such interventions can be used as a part of clinical trial designed to directly intervene on PICS-F by increasing family member resilience. All parameter estimates reported are adjusted in the multivariate analysis.
